Abstract Staphylococcus aureus (S. aureus) is important both as a nosocomial and community acquired pathogen causing various degrees of infections. Typing S. aureus has been a question that is still being addressed. Bacteriophage typing is still used as a golden standard for typing though molecular methods are investigated. In developing countries where neither molecular typing nor the bacteriophage typing methods can be routinely used, the recently developed capsular typing method can be considered as screening method. We compared capsular typing with bacteriophage typing of the strains isolated in Gulbarga, India. We observed that the typeability of capsular typing was significantly higher (96%) among the phage typed strains, and the predominant capsular type in the region was type-8. The data so generated can be used to group S. aureus based on capsules both as a screening prior to bacteriophage typing, and to identify capsular candidate for developing prophylactic and therapeutic alternatives.
Introduction
Typing of S. aureus has long been a question that has been verified and tested to develop a reliable method to be used routinely. Bacteriophage typing is still used as a golden standard for typing though molecular methods are investigated [1] . Among those factors considered for typing, capsular polysaccharides expressed by S. aureus are one of them, since they are also important in the pathogenesis of staphylococcal infections. They enhance staphylococcal virulence by impeding phagocytosis, resulting in bacterial persistence in the bloodstream of infected hosts [2] [3] [4] [5] [6] . Most S. aureus isolates are encapsulated and so far eleven capsular serotypes have been described. Of these, types 5 and 8 predominate in approximately 75% of the clinical isolates [3] . Though the method for capsular typing was described two decades ago [7] [8] [9] , during the recent years typing of S. aureus, based on its capsular polysaccharide types is been increasingly adopted. However, since no such reports were available from the Indian context, we recently reported an epidemiological typing by this method [10] . In this present study we compared the capsular typing method as a screening method prior to subjecting the strains to bacteriophage typing, the golden standard. Capsular typing resulted in two groups with higher frequency of typeability among bacteriophage typed strains. We propose capsular typing in developing countries be incorporated in routine diagnostic testing to group S. aureus based on the capsules and use the data for both screening the strains prior to bacteriophage typing, and to identify capsular candidates for exploring prophylactic and therapeutic measures. previous study [10] . The strains, confirmed as S. aureus by the standard methods of Baird-Parker [11, 12] , were tested for their typeability based on bacteriophage and capsular typing.
Bacteriophage Typing
Bacteriophage typing was conducted at the National Staphylococcal Phage Typing Centre (NSPTC), Maulana Azad Medical College (MAMC), New Delhi. The protocol was essentially as per Blair [13] and Parker [14] . Briefly, the strains of S. aureus were selectively isolated on mannitol salt agar (BBL, UK) and the mannitol-fermenting colonies were subcultured into 1 mL Oxoid Nutrient Broth (BBL, UK). The tubes were incubated at 37°C until the turbidity reached McFarland's standard of 0.5. This inoculum was spread on the Oxoid Nutrient Agar and allowed to air dry. Bacteriophages (Tables 1, 2) approved by the International Subcommittee for Staphylococcus PhageTyping were supplied by the Central Public Health Laboratory, Colindale, UK. The conventional set of 23 phages (Table 1) were filled in the labeled wells of the Perspex block of the Lidwell's phage-typing apparatus and spotted at 91 RTD. Next day the plates were examined against a dark background by indirectly transmitted light with the aid of a 59 hand-lens. If the results were negative, then the same set of phages except 83A, 84, and 85 were spotted at RTD 9100. If the results were still negative, only then the strains were tested with MRSA set of phages (Table 2) at RTD. The experiments were controlled with S. aureus strains ATCC 25923 and W57.
Capsular Typing
Capsular typing was performed for the expression of capsular polysaccharide by the agglutination assay, as recently described [8, 10] . Briefly, capsular typing was performed by adding a single drop of the specific antiserum to one drop of bacterial suspension (one overnight colony from TSA suspended in 1 mL saline). Clumping occurred within 10 s for positive reactions. For every isolate both the type-8 and -5 antisera were used to exclude cross-reactivity. The prototype strains for the capsular types 5 and 8, their respective mutants, along with the necessary protocols were kindly provided by Dr. Jean-Claire Lee, Harvard Medical School, Boston, USA [15, 16] .
Results
Bacteriophage typing: In interpreting the results, the generally accepted 'two strong differences rule' was adopted [13] , according which, with two or more phages if there is a ?? reaction with one culture and no lysis of the other, then the two cultures are said to be unrelated. Ten patterns of phage typing results (Table 3) were observed and assigned the alphabets A to J. In phage group-I, four patterns distributed among ten strains was observed (A, B, C, and D). In phage group-II, one pattern (E) was expressed by four strains. In phage group-III, two patterns (F and G) distributed among three strains, and in phage group-IV, two patterns (H and I) distributed among seven strains were observed. Clinical strains that were non-typeable even at 9100 RTD were typed with the set of MRSA phages, and one pattern (J) was observed by only one strain. Thus with phage typing, twentyfour strains were typeable with the basic set of International phages (20 strains at RTD, and 4 strains at 9100 RTD). None of the clinical strains were typeable even at 9100 RTD with the basic set of phages. On testing with the MRSA set of phages, only one strain became typeable. Thus, twenty-five out of one hundred strains were phage typeable. Most of the strains belonged to Group-I (40%), followed by Group-IV (28%), Group-II (20%), Group-III (12%), and the Group-MRSA Phage (4%).
Seventy-one strains were capsular typeable, 18 for capsular polysaccharide type-5, and 53 for type-8. Since type-5 and type-8 are the most prevalent types, the remaining 29 strains were grouped as 'non-typeable by type-5 and -8 antisera'. Further comparing the data with phage-typed strains, we observed that 96% (24/25) of phage typeable strains were capsular typeable (19 were phage typed at RTD, 4 at RTD 9 100, and 1 with MRSA phage). Among the 25-phage typeable strains, 4 strains belonged to capsular polysaccharide type-5 (4/25; 16%), 20 strains to type-8 (20/25; 80%), and 1 strain was capsular polysaccharide non-typeable (1/25; 4%).
Discussion
The purpose of our study was to use a rapid testing method which could type S. aureus based on capsular polysaccharide as its virulence factor, generate data for prophylactic measures, and to screen strains before subjecting for epidemiological (bacteriophage) typing. For this, one hundred strains of S.aureus were subjected to bacteriophage and capsular typing. Twenty-five strains were phage-typeable after performing the test with three different sets (basic set at RTD & RTD 9 100; and MRSA phage set). We observed ten phage typing patterns and among the phage typeable strains, 40% belonged to lytic group-I, 28% to lytic group-IV, 16% to lytic group-II and 12% to lytic group-III, and 4% to MRSA Phages. The typeability findings of other researchers from India range from 18 to 71%, and our findings are well within that range (25%) [17] [18] [19] [20] [21] [22] . None of the above researchers reported the typeability by MRSA phages, since the MRSA phages set was not available at that time. Recently, Mathur et al. [23] [24] [25] have conducted extensive MRSA phage typing on the strains received at the National Staphylococcal Phage Typing Center, New Delhi from across Asia and observed that among the typeable isolates, there was a 16% increase in typeability. On performing capsular typing on these strains, we observed that 71% strains were capsular typeable (25% type-5 [18/71], 75% type-8 [53/71]). This observation of the predominance of S. aureus strains with capsular polysaccharide type-8 in this region is consistent with data published by previous researchers [26, 27] .
Various researchers have confirmed the reliability, reproducibility, and specificity of capsular typing method [8, [27] [28] [29] [30] [31] [32] [33] [34] . Thus we analyzed capsular typing as a tool for screening S. aureus prior to bacteriophage typing. We observed that of the 100 strains tested, 25% were phage typeable and 71% were capsular typeable. Comparison of both the methods tested revealed that among the capsular typeable strains, 34% (24/71) were phage typeable, and among the phage typeable strains, 96% (24/25) were capsular typeable (Table 4) . v 2 analysis confirmed this difference as highly significant (P \ 0.001). Though bacteriophage typing is still the golden standard for epidemiological typing of S. aureus, it has several constraints if it has to be done routinely such as, it is a very cumbersome, time consuming and sensitive method for propagation, standardization and maintenance of the phage types. In addition, the test has to be performed with four lytic groups including basic phages and the newer MRSA phages, and to be tested in three stages-RTD, 9100 RTD, and with MRSA set of phages. In contrast, the capsular typing method is easy to perform, and has the advantage of having only two clinically predominant capsular types, and that most of them been phage-typeable. This feature of capsular typing can be taken advantage of as a screening method prior to phage typing. Once the capsular typing antisera are made available commercially, the testing procedure is very simple and rapid. Thus if capsular typing test is incorporated in routine diagnostic procedures, it will type S. aureus into two groups will narrow the number of strains that would be bacteriophage typed for epidemiological purposes, and also generate data to determine the candidates for the development of antimicrobials and vaccines [35] [36] [37] . The capsular typing method is still being explored as a quick method for the detection of S. aureus based on the pathogenicity factor-capsular polysaccharide. Thus in view of these observations, we propose the use of capsular typing of S. aureus as a routine screening technique in situations where molecular and bacteriophage typing cannot be used routinely especially in developing countries. We finally report that the predominant capsular type identified in the Gulbarga region of India is type-8. 
